Background. Patients with metastatic melanoma to the liver (MML) have a median survival of 4 to 6 months. This study evaluated patients who underwent liver resection with intent to receive postoperative tumor-infiltrating lymphocyte (TIL) therapy. Methods. Retrospective analysis of a prospective database identified patients with MML who underwent liver resection from 1980 to 2008. Results. A total of 539 patients had MML, and 39% (204 of 539) had tumor collected for TIL. A total of 17% (35 of 204) underwent liver resection for TIL. The 3-year overall survival was 53%. Lack of extrahepatic disease (P = .026), negative margin (P = .056), and single hepatic metastasis (P = .04) predicted survival after univariate analysis. Only lack of extrahepatic disease remained a significant predictor of survival after multivariate analysis (P = .043). A total of 31% (11 of 35) underwent complete resection without TIL, and 69% (24 of 35) underwent resection with synchronous intrahepatic and extrahepatic disease with intent to receive TIL. For 9 of 11 patients (2 of 11 excluded for gene therapy), 3-year survival was 80%. A total of 4 (44%) of 9 experienced recurrence, with a median diseasefree survival of 1.2 years. For 24 patients (69%) with residual disease, 3-year survival was 51% (2 of 24 excluded for gene therapy). A total of 63% (15 of 24) received postoperative TIL (3-year survival 65%), and 29% (7 of 24) did not. A total of 40% (6 of 15) had disease that partially responded to TIL; the disease of 67% (4 of 6) had not progressed at median follow-up of 55 months (range, 42-197? months). The seven patients who did not receive TIL had a median survival of 4.6 months. Conclusions. Resection of MML with TIL should be considered because it can result in prolonged survival in a highly selected group of patients.
ABSTRACT
Background. Patients with metastatic melanoma to the liver (MML) have a median survival of 4 to 6 months. This study evaluated patients who underwent liver resection with intent to receive postoperative tumor-infiltrating lymphocyte (TIL) therapy. Methods. Retrospective analysis of a prospective database identified patients with MML who underwent liver resection from 1980 to 2008. Results. A total of 539 patients had MML, and 39% (204 of 539) had tumor collected for TIL. A total of 17% (35 of 204) underwent liver resection for TIL. The 3-year overall survival was 53%. Lack of extrahepatic disease (P = .026), negative margin (P = .056), and single hepatic metastasis (P = .04) predicted survival after univariate analysis. Only lack of extrahepatic disease remained a significant predictor of survival after multivariate analysis (P = .043). A total of 31% (11 of 35) underwent complete resection without TIL, and 69% (24 of 35) underwent resection with synchronous intrahepatic and extrahepatic disease with intent to receive TIL. For 9 of 11 patients (2 of 11 excluded for gene therapy), 3-year survival was 80%. A total of 4 (44%) of 9 experienced recurrence, with a median diseasefree survival of 1.2 years. For 24 patients (69%) with residual disease, 3-year survival was 51% (2 of 24 excluded for gene therapy). A total of 63% (15 of 24) received postoperative TIL (3-year survival 65%), and 29% (7 of 24) did not. A total of 40% (6 of 15) had disease that partially responded to TIL; the disease of 67% (4 of 6) had not progressed at median follow-up of 55 months (range, 42-197? months). The seven patients who did not receive TIL had a median survival of 4.6 months. Conclusions. Resection of MML with TIL should be considered because it can result in prolonged survival in a highly selected group of patients.
The estimated incidence of cutaneous melanoma in 2008 was 62,480 cases, and the number of deaths was estimated to be 8,420. [1] [2] [3] Metastatic melanoma (MML) portends a dismal prognosis, with median survival of 6 to 7.5 months and a 5-year survival of 6%. 4 Approximately 15% to 30% of patients with MML have liver disease, but autopsy reports suggest that the actual incidence may be higher (54% to 77%). 5 The median survival of patients with metastatic disease in the liver is 4.4 months.
The standard treatment for patients with MML is systemic therapy with either interleukin-2 (IL-2) or chemotherapy. [6] [7] [8] [9] Surgical resection is usually not recommended. However, several studies reported that a highly selected group of patients may benefit from liver resection. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Despite these reports, most patients are not evaluated for resection.
Immunotherapy has emerged as a promising treatment resulting in durable complete remission in certain patients with MML. 23, 24 The adoptive transfer of autologous tumorinfiltrating lymphocytes (TIL) supported with IL-2 infusion after lymphodepleting chemotherapy has mediated objective clinical response rates in 52 (56%) of 93 patients. [25] [26] [27] To produce TIL, a tumor must be resected and the infiltrating lymphocytes cultured and grown ex vivo. The tumors must be C3 cm 3 to obtain an adequate TIL culture. Ideal resections for generating TIL involve low-morbidity procedures. Occasionally, the only tumors available for collection are hepatic metastases.
The objective of this study was to review the overall experience with liver resections for MML in the Surgery Branch, National Cancer Institute, National Institutes of Health. We specifically evaluated patients who were resected to no evidence of disease (NED) and patients who underwent hepatic resection with residual disease and the intent to receive TIL.
PATIENTS AND METHODS

Data Collection and Clinical Assessment
A retrospective review of a prospectively collected database identified patients who underwent hepatic resection and a diagnosis of melanoma at the National Cancer Institute (Bethesda, MD) for the years 1980 until 2008. Inclusion criteria included pathologically confirmed MML from a resected liver lesion. Exclusion criteria involved radiofrequency ablation, embolization, needle biopsy, or an open biopsy during isolated hepatic perfusion for ocular melanoma. All patients signed an institutional review board-approved consent for tissue procurement and for participation in clinical studies if the patient proceeded to further therapy.
Patients with MML who were considered to be treated by TIL were aged C18 years, negative for hepatitis B and C and for human immunodeficiency virus, had good performance status (Eastern Cooperative Oncology Group score \2), and had a life expectancy of [3 months. The disease of all patients was refractory to systemic therapy.
TIL Therapy
Patients were treated with cyclophosphamide (60 mg/ kg) for 2 days followed by fludarabine (25 mg/m 2 ) for 5 days as a nonmyeloablative preparative regimen. Some patients also received 2 Gy total-body irradiation with autologous stem-cell transplantation. The day after chemotherapy, approximately 5 9 10 10 TIL cells were infused and supported with 720,000 IU/kg of IL-2 every 8 hours to tolerance or to a maximum of 15 doses.
Surgery and Continuing Care
Complete staging was performed with history and physical examination, laboratory assessment, computed tomography of the chest, abdomen, and pelvis, and magnetic resonance imaging of the brain and liver for all patients. Additional studies were performed on the basis of individual patient assessment. Patients did not necessarily have confirmation of melanoma in the liver by pathology before the operation. Postoperative pathology was confirmed in all patients.
Suitability for hepatic resection was based on the patients' ability to tolerate an operation, as well as the likelihood of proceeding to an immunotherapy protocol. Ability to achieve R0 resection was not a criteria given that the intent to resect a lesion was the generation of TIL. Decisions to operate were made on a case-by-case basis during presentation at the Surgery Branch preoperative conference. The decision to resect all liver disease versus enough liver disease to generate TIL was based on preoperative and intraoperative findings with assistance of intraoperative ultrasound.
Patients with residual disease were assessed for enrollment onto immunotherapy protocols as soon as they had recovered from the operation. Patients resected to NED were evaluated every 3 months for the first year, then every 6 months for the next 2 years, then annually. Continuing care and the administration of chemotherapy was facilitated by the patient's local oncologist.
Evaluation of Responders
World Health Organization criteria or Response Evaluation Criteria in Solid Tumors were used to assess responses. All radiographic images were reviewed by an attending surgeon and an independent radiologist. Films for patients who had an objective response were reviewed by at least one additional attending physician.
Statistical Analysis
Overall survival (OS) was calculated from the date of hepatic resection until the date of the last encounter or date of death, as appropriate. For the patients resected to NED, disease-free survival was calculated as the time from the hepatic resection until the first recurrence, or the last follow-up without a recurrence, as appropriate. For patients with residual disease after the operation, progression-free survival (PFS) was calculated from the date of liver resection until progression of disease at any site or the last follow-up without progression, as appropriate. The probabilities of survival, disease-free survival, or PFS were calculated by the Kaplan-Meier method; the statistical significance of the difference between pairs of KaplanMeier curves was determined by the log rank test for cases in which the distinguishing characteristic of the curve was known at the date of resection.
Clinicopathologic features including demographics, initial American Joint Committee on Cancer stage, diseasefree interval (DFI) 1 and 2, recurrence pattern, preoperative systemic therapy, and operative findings were evaluated for their association with outcome by univariate methods described above, as well as a Cox proportional hazard model to assess if factors may jointly influence the outcome. Preoperative systemic therapies analyzed included IL-2, chemotherapy, adoptive cell transfer, and vaccination. This analysis was performed for the entire group as well as restricted to those patients who were classified as having an intent to receive TIL.
DFI-1 was defined as the time from the initial diagnosis to the first metastatic recurrence at any site. DFI-2 was defined as the time from the first recurrence to the recurrence in the liver.
All P values are two tailed and are presented without adjustment for multiple comparisons.
RESULTS
Patient Characteristics and Operative Findings
A total of 539 patients who were enrolled onto various immunotherapy protocols had MML. Tumor procurement was performed for 204 (38%) of 539 patients with hepatic disease. Among the patients with hepatic disease as a site of metastases, 35 (17%) of 204 patients underwent procurement of the hepatic lesions. Patient demographic information, pathologic results, and operative details are listed in Table 1 . Of the 35 patients, 11 (31%) of 35 patients had resection to NED, 9 (26%) of 35 of whom had never received TIL therapy (Fig. 1) . The other two patients had a resection after gene therapy and were rendered NED. Twenty-four (69%) of 35 had synchronous hepatic and/or extrahepatic disease (EHD) after liver resection. Fifteen (63%) of 24 patients received postoperative TIL, and 7 (29%) of 24 did not receive postoperative TIL. The other 2 (8%) of 24 patients had postoperative gene therapy.
Ninety-seven percent of the patients received preoperative systemic therapy, and all had progressive disease other than the two patients who were resected to NED after gene therapy. No patients were treated specifically with neoadjuvant therapy with intent to undergo an operation. Rather, all systemic therapy was administered to treat metastatic disease as the primary modality. Patients who were resected to NED and who received or did not receive TIL did not greatly differ in terms of systemic therapy including chemotherapy, IL-2, vaccination, or gene therapy. One (2.9%) of 35 patients died within 30 days after liver resection. This patient was discharged on postoperative day 4 without complications after a left-lateral sectionectomy, readmitted on postoperative day 12 for IL-2 therapy, and died on postoperative day 20 from complications of IL-2. He had rapidly progressive disease in multiple organs confirmed on autopsy.
Clinical Outcomes and Prognostic Factors
For the entire group of 35 patients, the 3-year actuarial survival was 53% with a median OS of 3.0 years (1 month Free of disease after resection, n (%) 11 (31%)
AJCC American Joint Committee on Cancer, DFI disease-free interval to 16.4 years) (Fig. 2) . Although the absence of EHD (P = .026), negative margin at resection (P = .056), and a single hepatic metastasis (P = .04) approached statistical significance, no factors were statistically significant with respect to association with survival when adjusted for multiple comparisons. Only EHD was independently associated with survival when evaluated in a Cox model (hazard ratio, 4.77; 95% confidence interval on hazard ratio, 1.05-21.67; P = .043). Given the complexities of the variation in patients included in this report, the subgroups of the 35 patients will be now be reviewed independently as the patients who were resected to NED and as the patients who underwent resection with the intent to receive TIL.
Nine patients were resected to NED and did not receive TIL. Clinicopathologic features were recorded but not analyzed as a result of the small number of patients. Of note, one (11%) of nine patients had EHD that was resected with a simultaneous pulmonary metastasectomy. All nine patients had a solitary hepatic metastasis. The median DFI-1 was 1.4 years (0-10.3 years) and the median DFI-2 was 0 years (0-6.3 years). The actuarial 3-year survival was 80% with median OS that had not been reached (Fig. 3) . Four (44%) of nine patients experienced recurrence of disease and had a median disease-free survival of 14 months. One patient had a recurrence in the liver that was treated by radiofrequency ablation and remained NED 6 months after this procedure. Another patient had a recurrence in the periportal lymph nodes that was resected and remained NED 8 years after the second operation. Of these nine patients, seven remained NED, and two had died of disease.
Twenty-four patients underwent liver resection with the intent to receive postoperative TIL. All 24 patients had residual disease after liver resection. Two patients received postoperative gene therapy and were excluded from this analysis. No factors reached significance.
Of the 24 patients who had residual disease after liver resection, 23 (96%) had EHD. The one patient without EHD had extensive liver involvement and a nonanatomic 3 Overall survival of the patients who had all disease resected at the time of the liver operation. The actuarial 3-and 5-year survivals plateau at 80%. Eight patients had disease isolated to the liver, and one patient had a synchronous pulmonary metastasectomy wedge resection was performed to collect tumor for TIL. Eighteen (75%) of the 24 patients had more than two hepatic lesions. The median DFI-1 was 1.0 year (range, 0-8.5 years), and the DFI-2 was .1 year (0-6.3 years). The 3-year actuarial survival was 51% with a median OS that had not been reached (0.1-16.4? years). Fifteen (63%) of 24 patients received postoperative TIL. Thirteen (87%) of these 15 patients received TIL from the hepatic lesion. One patient had hepatic TIL that was nonreactive and had a repeat TIL collected from a mandibular lymph node that yielded reactive TIL. The other patient underwent a simultaneous splenectomy and the lymphocytes from the spleen were used for TIL infusion. The actuarial 3-year survival was 65% and the median OS had not been reached (Fig. 4) . The 3-year actuarial survival of the 13 patients who received TIL from the liver resection was 63% which is similar to that resulting from inclusion of the two patients who received TIL from other lesions. The median PFS after hepatic resection and TIL therapy was 10 months (range, 3-197? months) . Six (40%) of the 15 patients experienced objective responses with four PRs and 2 (13%) complete responses (CR). Four (27%) of 15 of these patients had not experienced progression including both patients with a CR; the median follow-up for these patients was 55 months (range, 42-197 months).
Seven (29%) of 24 patients underwent resection with the intent to receive TIL but did not receive therapy. Four patients did not receive TIL because the TIL were nonreactive, one patient had progressive disease in the brain, one patient had severe coronary artery disease, and one patient died while receiving IL-2 (the only postoperative death). The median survival of these seven patients was 4.6 months, and only one patient survived for [1 year (Fig. 5) . The median PFS after liver resection was 2 weeks.
DISCUSSION
Liver resection to procure TIL has resulted in prolonged survival for a highly selected group of patients with MML. This series represents the largest single institution experience with hepatic resections for melanoma. Thirty-five patients had hepatic resections. Although 11 patients had all disease resected, this series is unique in that most patients did not undergo hepatectomy to be rendered NED or to palliate symptoms. Rather, most patients had resections for the procurement of TIL.
Nine patients were rendered NED after the operation and never received TIL. This group is the most similar to published reports of metastasectomy of MML. Rose et al. presented 24 patients who had hepatic resections for MML. 10 The 3-and 5-year actuarial survivals were 41% and 29%, respectively. A longer DFI (58 months vs. 35 months), only one or two hepatic lesions (92%), and no residual disease approached significance for survival. Pawlik et al. reported that 16 patients with primary ocular melanoma had 2-and 5-year actuarial survivals of 61.5% and 20.5%, respectively. 11 The 24 patients with primary cutaneous melanoma had 2-and 5-year actuarial survivals of 47.7% and 0%. No clinicopathologic features were deemed statistically significant for the entire group, although the patients with cutaneous primary who received chemotherapy had a statistically significant survival advantage. As they mentioned, this difference may exist because patients survived long enough to receive chemotherapy. In addition, the patients who had synchronous EHD faired poorly, with a median survival of 2.8 months.
In our study, nine patients had resection of all disease. The patients did experience long-term survival, but whether resection affected survival is uncertain. The association between the operation and the outcome may be due to unidentified factors other than the operation itself. In addition, the 9 (1.7%) of 539 patients whose disease was resected indicate that complete removal of metastatic disease is rare. Although prognostic factors were not analyzed in this group because of the small number of patients, all patients had one hepatic metastasis, and all but one patient had disease isolated to the liver. One hepatic lesion and no residual disease were consistent with the favorable characteristics as reported by Rose et al. 10 Interestingly, two patients were rendered NED by a second intervention after a recurrence and faired well (remained NED at 6 months and 8 years). The experience at our institution, as well as in other reports, did not prove that the patients experienced prolonged survival as a result of the operation, yet the patients survived much longer than historical controls of patients with MML. None of these reports have a control cohort, but the reports do suggest that patients with disease isolated to the liver may benefit from surgery. Although the patients who underwent an operation were highly selected, we recommend that patients should undergo surgical evaluation, especially with one lesion and no EHD.
The unique group of patients are the 24 who underwent hepatic resection with the intent to treat with TIL. No comparisons exist in the literature. Because the administration of TIL has resulted in the highest reported objective response rates for melanoma, even major operations such as hepatic resections are reasonably justifiable to generate this therapy. 25 In addition, multiple reports of metastatic disease have demonstrated that hepatic resection can be performed safely. In this series, one death occurred within 30 days, but the patient died during IL-2 therapy after an uneventful recovery from the operation.
Twenty-two of the 24 patients were analyzed for prognostic factors (Fig. 1) . Two of the 24 patients were excluded from analysis because they had received postoperative gene therapy. No prognostic factors were identified as statistically significant. The patients who would receive postoperative TIL were not known at the time of operation; therefore, TIL was not a prognostic factor. Yet the administration of TIL was clearly associated with longer survival, although with potential bias because other characteristics may distinguish these patient groups (Figs. 4 and 5 ). The cohort of 22 patients had a 3-year actuarial survival of 51%, but the 15 patients who received postoperative TIL had a 3-year actuarial survival of 65%. This survival was not too different from the 80% 3-year survival of the patients resected to NED. The survival and duration of response are unprecedented for MML to any visceral organ. Most importantly, four of the responding patients had sustained a durable response without recurrence or progressive disease with follow-up of 3.3 years to 16.4 years. Our results revealed that patients who undergo hepatic resection for the procurement of TIL have a reasonable expectation for a response that may be ongoing for years.
These patients did not have the same selection bias present for patients resected to NED. The patients had multiple hepatic and extrahepatic lesions ( Table 2) . The survival of patients with MML and synchronous MML to extrahepatic sites is as poor as disease in any other organ. 2 In this cohort, [80% of the patients had more than two hepatic lesions. The DFI-1 was 1.0 years and the DFI-2 was .1 years, which was much shorter than reported for patients undergoing resection. Although patients had to be able to tolerate an operation and to continue to postoperative therapy, this group fared much better than the cohort that did not receive postoperative TIL.
The seven patients who did not receive postoperative TIL had a median survival of 4.6 months. This survival is nearly identical for patients with hepatic metastases who never underwent liver resection, as previously published. The outcome of this cohort suggests that patients who undergo hepatic resection with residual disease and without subsequent TIL therapy have a dismal prognosis. These patients did not benefit from the operation. The patients did much worse without postoperative TIL therapy even though both groups seemed similar on the basis of analysis of all clinicopathological features. Granted, failure to detect a difference when one exists is a distinct possibility with groups of this size, but most patients were not excluded as a result of progressive disease or declined in performance status. Rather, the TIL cells were nonreactive. If the patients had reactive cells, they may have received treatment. This finding supports the notion that TIL therapy may greatly influence survival. It is possible, however, that patients with tumor that generates TIL in vitro have a better prognosis whether or not they receive TIL.
Several limitations of this study exist. First, it is a retrospective review. Second, on the basis of both referral patterns as well as length of treatments, a selection bias may exist for patients who have a longer disease-specific survival, which may reflect a more favorable biology. The patients unable to receive TIL may have had more aggressive disease that precluded effective therapy, and even if they had TIL, they may have done poorly. Although the outcome of the entire group was reported, the subgroups are vastly different, requiring separate analyses that resulted in small cohorts. Despite these limitations, this study is the largest single-institution report of liver resections for MML, and several patients have had durable responses when treated with surgery to obtain tissue for TIL therapy. In addition, liver resection in this patient population is feasible without undue risk despite advanced disease.
Among patients who have isolated MML and no EHD, complete resection may be considered because it might be a beneficial intervention in a selected group of patients. Hepatic resection to generate TIL therapy may result in prolonged survival. Even in the presence of hepatic and synchronous EHD, if the patients proceed to TIL therapy after operation, durable responses can be obtained. From these data, it is not unreasonable to conclude that TIL therapy might prolong survival. Given these results, when hepatic resection is the only option to generate TIL, it is reasonable for patients with MML to undergo resection.
